
DBA ConG OBA

solids %wt

pH units

spgr

chlorides mgIL

OBA mg/L

consumption lb/ton S1

FRandrafts
intermountahTrowerAgency---- varŁtos

DRAFT Mass Balance Assumptions for Design Rate bla calculation results

17.5 wt% Pet Coke 4% 96.9% S02 rem 4Absorbers blueapiadfroinanothercail

Generating Unit Notes Reference

Parameter

GenOrng unIt

Net Load MW 830 830 Coal Pet coke Blend

Annual Capacity Factor 94.0 94.0 Wt% 82.5 17.5 100

NetHeatRate Btu/kWh 9515 9.515 0.54 4.00 1.15

Fuel Bum Rate lb/hr 645899 645899 Cl 0.033 0.01 0.03

Pet Coke Based on Wt Basis 17.5 17.5 Ash 9.94 0.30 8.25

%PetCokeBasedonBtuBasis 20.0 20.0 Btullb 11851 14.000 12227

CoaIcoke blend analysis

Higher Heating Value BtuIlb 12227 12227

Ash Content 8.25 8.25 Note when changing coke %S also adjust FGD outlet lb S02/Mbt

Sulfur Content 1.15 1.15

lbSO2/MBtu 1.87 1.87

Chlorine 0.03 0.03

Baghouse

Fly Ash of total 60 80 Coke %S FF collection of S02

Baghouse Efficiency 99.95 99.95 32.0

Fly
Ash Removed in Baghouse lb/hr 42623 42.623 18.3

HCI Collection Efficiency 50.0 50.0 3.5 16.9

S02 Collection Efficiency 15.5 15.5 15.5

FGDinIetGas 4.5 14.5

Temperature 285 285 13.5

Pressure iowg 4.5 4.5 5.5 12.7

Flow acfm 2729849 2729849 12.0

lb/hr 7595060 7595060

H20 lb/hr 350818 350818

SO2 lb/hr 12504 12504 764 ppm 502

HCI lb/hr 96 96 loppni I-tCl

Fly Ash lb/hr 21 21

FGD Outlet Gas

Temperature 120 120

Pressure inwg 1.0 .0

Flow acfm 2295092 2295092

lb/hr 7928313 7926313

H20 lb/hr 649.753 649.753

S02 lb/hr 392 392 392 lbSO2/hr is design basis

HCI lb/hr

FlyAsh lb/hr 11 11

FOD Makeup Clrc Water Makeup
Inlet Quench Flow Rate gal/mm Source CT makeup

pH unIts 00 Ca 45 mg/L S04 200 mg/L

spgr 1.00 Mg 35mgIL C03 3Omg/L
chlorides mg/L 300 Na 200 mg/L Si02 mgIL

DBA mg/L mgL mgfL

NH4OH reagent

NH4OH aq wt 28.044
Balance RO wt 72 044 Ctrc Water Makeup

pH units 996

sp gr

DBA

50

2.00

1.04

520000

10.0..1

IPI 1_000096
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Outlet SOz ib SO2IMBtU 0.059 0.059 Adjust b/MBtu to reath desired outlet lb S02Thr in D40

SO2 Removed 96.9 96.9 Total

lb/hr 12.112 12.112 24.223

Reagent Utilization S02 rJNH4 100 0% OBA NSL 60 lb/hr

Sulfite Oxidation 1000 DBA SL 58 lb/hr

NH42S04 Concentration 300 total DBA 118 7lb/hr

pH 500 $..t

spgr 16
HCI Removal 100

lb/hr 96 96 192

Fly Ash Removal 50 50

lb/hr 11 11 21

Chlorides mgfL 1559 1559

DBA mg/L 1000

Oxidation Air O/S02 3.00 9084 lb 02/hr/unit at these conditions

Operating Modules per unit 7440 lb 02/hr/unit at 3%S 01S02

Operating Spray Pumps per module 2.46 O/S02 act at 3%S O/S02 design

Module Length/Width ft 37F
Module Area sq ft 369

Absorber Pump Seal Water qprn/purnp 13.75 Circ Water

Mist Eliminators clrc water

ME Wash Total gpm/moduie 144 Current usage
ME Wash Total gpmlmodule 21 Proposed usage using

1st stage ME bottom wash gpmisq ft these wash parameters

mm cycl 00

cycle/hr 0.50
1st stage ME top wash gpmsq ft

muncycl 100

cycle/hr
013

2nd stage ME bottom wash gpm/sq ft 50

mmncyd 100-

cyde/hr 0.13
2nd stage ME top wash gpinlsq ft 0.50

min.cycl 1.00

cycle/hr 0.13

Oxidation Air

Oxidation Air Quench lb ftO/lb air 050

Pressure psia 28

Temperature 220

Humidity lb/lb 0.00456oF 4ohRH

EvaporstlonCrystallizatlon

30

49969

0.169

282.

5.50

00

1.00 ..

98

1.77..

10

01

1.77.i

IPI 1_000097

FGD Svstm Desln Paramete

Feed Stream Units combIned

Nl-k2S04 in Feed

NF3Ci impurity in Feed

Crystallizer Underfiow

Solids

pH

MH42S04 spgr

Crystallizer Overheads

Liquid carryover

pH

spgr

Liquid Carryover

Centrifuge

Cake Solids

NH42S04 spgr

Centrate Solids

Centrate purged

Fiuldized Bed Dryer

Product Moisture Content

Product spgr

wt

lb/hr

wt

lb/hr

wt%

units

ppm

units

ppm

wl%

wt%

wt
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DRAFT Mass Balance

17.5 wt% Pet Coke 4% 96.9% S02 rem Absorbers

Flow No 101 102 105 201 202

Description Unit Unit Unit Unit Unit Unit Total

Inlet Outlet Oxidation Inlet Outlet Oxidation Oxidation

Flue Gas Flue Gas Air Flue Gas Flue Gas Air Air

205 315

Flow acfm 2729849 2295092 6328 2729849 2295092 6328 12655

low lblhr 7595080 7926313 39415 7595060 7926313 39415 78830

10 120 lb/hr 350818 649753 177 350818 849753 177 353

11 SO lb/hr 12504 392 12504 392

12 CI lb/hr 96 96

13 lyash lb/hr 21 11 21 11

14 xygen lbThr -- 9084 -- -- 9084 18167

15 amp 285 120 220 285 120 220 220

16 ressure inwg 4.5 1.0 388 4.5 10 388 388

Unit Data

gpm evap/unit

598

Flow No 114 115 120 121 122 124 125 126 130

Description Unit Unit Oxid Air Pump Inlet Duct Absorber Return Unit

Ammonium DBA ME Wash Quench Seals Quench Makeup Water Absorber

aramater Resoent Reaoent Returnt CIrc H20 Return Clrc H20 Return to Unit Bleed

23 low gpm 106 0.5 86 3.9 165 376 627 14

24 1w lb/hr 47666 237 42615 1972 82566 188320 313734 6328

25 H40H Conc wt 28

26 NH42S04 Conc wt

27 11 9.96 2.00 7.00 700 7.00 7.00 7.00 7.00 5.0

28 .Speclflcgravlty 0.90 1.04 1.00 1.00 1.00 1.00 1.00 1.00 1.1

29 FIzO lb/hr 34301 119 42815 1972 82566 18827c 313652 5814

30 N114011 lb/hr 13339

31 NH42S04 lb/hr 249
32 rJH4CI lb/hr 141

33 Fly ash lb/hr 11

34 llbllir 12 11 20 47 78 91

35 ppm 360 248 300 248 300 248 248 1551

36DBAlb/hr 119 51

37 BA ppm 520000 1001

UnIt Data

Flow No 214 215 220 221 222 224 225 226 230

Description Unit Unit OxId Air Pump Inlet Duct Return Return UnIt

Ammonlum DBA ME Wash Quench Seals Quench Water Water Absorber

ammeter Reagent Return Clrc 1120 Return Clrc 1120 Make-up to Unit Bleed

4-4 low gpm 105 0.5 86 3.9 165 376 627 14

45 low tb/hr 47668 237 42815 1972 82566 188320 313734 83281

46NH4OHCOnc.wt% 28

47 N1142S04 Conc wt

48 9.96 2.00 7.00 7.00 7.00 7.00 7.00 7.00 5.0

49 Ipecitic gravity 0.90 1.04 1.00 1.00 1.00 1.00 1.00 1.00 1.1

50 120 lb/hr 34301 119 42815 1972 82566 18827c 313652 5814

51 lIl4OH lb/hr 13339

52 NH42SO4 lb/hr 2498

53 NFt4Cl lb/hr 141

54 Flyash lb/hr Ii

55 lb/hr 12 11 20 47 78 91

56 ppm 360 248 300 248 300 248 248 155

57 DBA lb/hr 119

58 DBA ppm 520000 100



ACAPF

INPUTI

1H20

NH4
S04

Mg

Na

93
F.

Adiic

SU8cifliC

GIutarlc

ourpury

1H2o

NH4

so4

.i1a

NHI2Só4s

CaSO4-.5H20s

0420$
Nacl$

2s

nonSSrn

arameter

301 302 306 310 311 312 313

Description Total Clrc Water Total Total Total Clrc Clrc Water Total

AmmonIa Ammonia Ammorilum DBA Water to to Thick Return

Hvdrolvzer Reaaent Absorbers Oflow Tank Water

65 low gpm 40 165 212 0.9 1035 125

66 low lb/hr 12958 82322 95280 475 3945 518094 62746

67 U4OHConc.wt% 100 28

68 FJH42S04 Cone WI

69 NA 7.00 9.96 2.00 7.00 7.00 7.0

70
pedficgravity

0.64 1.00 0.90 1.04 1.00 1.00 1.0

71 120 lb/hr 82322 66602 237 3943 517939 62730

72 IH4OH lb/hr NH3 12958 26678 0.0

73 NHt2S04 lb/hr 0.0

74 IHtCl lb/hr 0.0

75 ly ash tb/hr 0.0

76 lb/hr 25 25 155 15

77 ppm 300 360 300 300 24

78 BA lb/hr 237 0.0

79 BA ppm 520000

Crystallizer and Diyer System NOTE THIS SPREADSHEET HAS NOT BEEN COMPLETED

Description

Flow No 401 402 403 404 410 411 412 413 414

Crystallizer Crystallizer Crystallizer Centrifuge Centrifuge

Feed Overheads Overhead Feed Liquid

vaoorl Condensate

Centrifuge

LIquId

PumaRecycle

92 Roecific oravitv

Centrifuge

Solids

Product

Dryer

Solids

Product

86 Flow gpm 288 NA 219 85 13 13 NA NA

87 Flow lb/hr 168860 109374 109374 84131 6461 6461 51206 50234 97

88IH4OHC0nC.wt%

89 NH42S04 Cone wt 30 0.0 78 0.4 0.4 97.5 99.4

90 olidsConc.wt% 75 1.0 1.0 98.0 99.9 0.1

91 ii 5.00 7.00 7.00 5.50 7.00 7.00 NA NA

Dryer

Exhaust

Gas

1.16 1.00 1.00 1.51 1.00 1.00 1.77 1.77

102

93 120 lb/hr 116290 109365 109365 12826 5901 5901 1024 50.2 97

94 NH4OH lb/hr

95 NH42S04 lb/hr 49969 8.5 8.5 49985 24.6 24.6 49935 49935

96 IH4CI lb/hr 282 0.10 0.10 564 282 282

97 Fly ash lb/hr 21 0.004 0.004 21 0.01 0.01 21 21

98 on-NH4 SaIls lb/hr 0.03 0.03 184 0.1 0.1 183 183

99 lb/hr 181 0.1 0.1 336 154 154 27 27

100 ppm 1559 0.5 0.5 26.165 26165 26165 26165 26165

101 DBA lb/hr 118 0.04 0.04 215 99 99 17 17

DRA nom 1.000

rvstailizer and Diver System UtilIties

0.3 0.3

Flow No 501

16.787

Description

arameter

16 787 16.787 16787

502 503 504 505 506 507 508

16787 1678

109 lowgpm

110 Flow lb/hr

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

IPI 1_0001O1
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Overall FGD Water Balance

830 MW per unIt units 17.5 wt% Pet Coke 4% 96.9% 802 rem Absorbers

1402 gpm Flue Gas Outlet Water 2597 gpm

0.7 gpm Dryer Exhaust Moisture gpm

165 gpm Solids Product Moisture 0.1 gpm

1043 gpm Crystallizer Purge 12 gpm

0.5 gpm

Overall FGD Water and Chloride Balance

830 MW per unIt units 17.5 wt% Pet Coke 4% 96.9% S02 rem Absorbers

Flue Gas Inlet Water 1402 gpm Flue Gas Outlet Water 2597 gpm
Cl 1871b/hr Cl lb/hr

Oxidation Air Humidity 0.7 gpm Dryer Exhaust Moisture 1.9 gpm
Cl Olb/hr CI lb/hr

Ammonia Hydrolyzer Water 165 gpm Solids Product Moisture 0.1 gpm
Cl 251b/hr Cl 27 lb/hr

Total Circ Water Makeup 1043 gpm
Cl 1571b/hr

DBA Water 0.5 gpm
C1 OlbIhr

Total Water Out 2599 gpm
Water Evaporated 1195 gpm

Total CI Out 27 lb/hr

Flue Gas Inlet Water

Oxidation Air Humidity

Ammonia Aqua Converter

Total Circ Water

DBA

Syst

30th

Total Water In

Difference

2611 gpm Total Water Out 2611 gpm

Syst

oth

Total Water In

Total CI In

2611 gpm

368 lblhr

IPI 1_000106
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Absorber Module Water Balance

Proposed Ammonium Sulfate FGD Process

17.5 wt% Pet Coke 4% 96.9% S02 rem Absorbers

Pump seals 41 gpm Evaporation 149 gpm
ne Absorber

Ammonia Feed 21 gpm Absorber Bleed 29 gpm
Module

M.E.wash 2lgpm

DBA O.lgpm

Ox air querich gpm

Return water 94gpm

Total Water In 178 gpm Total Water Out 178 gpm

IPI 1_000107
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130
_______

otaI 707898.3

58145.0

707898.3

82322.1

82322.1

DBA Mass

306

otal

alance Arc und Station

________
O0

0.0 0.0

Page 14

IPI 1_000109

Water Mass Balance Around Unit Absorber Chloride Mass Balance Around Unit Absorbs DBA Mass Balance Around Unit

Flow In Out Difference Flow In Out Difference Flow In Out Difference

Number lb/hr iblhr lb/hr Number lb/hr lb/hr lb/br Imher lb/hr lb/hr lb/hr

101 350818.4 101 93.6

102 649753.3 102 0.0

105 176.6 105 0.0

114 41161.1 114 12.3

115 118.7 115 0.0

121 1971.7 121 0.6

124 0.0 124 0.0

126 313651.7 126 77.7

130

Nater Mass Balance Ai ound Stati

1151 118.7

13 58.1

onsumptio 60.6

184.2

otal 184.2 184.2 0.1

chloride Ma Balance Around St ctlon

rotal 118.7 118.7

Flow In Out Difference

Number lb/hr lb/hr lb/hr

101 350818.4

102 649753.3

201 350818.4

202 649753.3

302 82322.1

310 237.4

311 3943.4

312 517938.7

315 353.1

411 5901.0

413 50.2

414 974.0

rotal 1306432 1306432 0.1

Flow In Out Difference Flow In Out Difference

Number lb/hr lblhr lb/hr Number lb/hr lb/hr lb/hr

101 93.6 310 237.4

102 411 99.1

201 93.6 413 17.2

202 onsumptmi 121.1

302 24.7

310 0.0

311 1.2
-_______

312 155.4

315 0.0

411 341.5

413 26.8

414 0.0

Eotal 368.4 368.3 0.1 rotal 237.4 237.4 0.C

Chloride Balance Around_Crystallizer DBA Mass Balance Around_Crystallizer

Flow In Out Difference Flow In Out Difference

Number lb/hr lb/hr lb/hr Number lb/hr lb/hr lb/hr

130 58.1

401 181.2545 230 58.1

403 0.1 403 0.0

411 154.4 411 99..1

412 26.8 412 17.2

413 0.0 413 0.0

iater Mass Balance Around Rea ent

Flow in Out DIfference

Number Ibfhr lb/hr lb/hr

otal 181.3 181.3

301 0.0

302 52322.1

306

otal 82322.1 0.1

ChlorIde Mass Balance Around Reagent

Flow In Out Difference

Number lblhr lb/hr lb/hr

301

302 24.7

306 24.7

otal 24.7 24.7

otaI 116.3 116.3

--

0.1

DBA MaSS Balance Around Reagent

Flow In Out Difference

Number lb/hr lb/hr lblhr

301 0.0

302 0.0
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Revisions

Date umbe Tevision

9/9/99
V1isc mods to Mass Balance

dd impurities to crystallizer overheads in Mass Balance

9/29/99 Jent ox air to atmosphere was into flue gas

Change evaporation caic for NH3

A.dd oxidation air piping sheet

10115/99 10

10/26/99 11 dded input for fraction of HCI and S02 collected in baghouse

jUsed
ACAPP results in crystallizer mass balance

hanged unit heat rate net MW
11/24/99 12 Changes to crystallizer mass balance ACAPP inputs

Auto calculate of S02 captured in baghouse

IPII_000110


